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ABSTRACT 

A  remote  indicating  system  was  developed  For  incorporation  into  the  Nrwy's 
E21  Series  Automatic  G-Anerf  Alarm  installation*  so  that  a  number  of  remote 
E21  gas-attack  alcrm  units  could  be  monitored  at  a  central  control.  An  alarm 
sounds  at  the  receiving  station  when  gas  is  sensed,  and  a  red  light  indicates  the 
location  oi  the  E21  unit  that  has  sensed  the  gas.  As  a  precaution,  a  warning 
indicates  the  presence  of  a  signal  on  the  assigned  radio  frequency  that  may  cause 
either  intentional  or  unintentional  jamming  of  the  frequency. 

The  Remote  Indicator  System  consists  chiefly  of  (1)  a  transistorized  frequency- 
modulated  transmitter  mounted  in  the  E21  gas  alarm,  (2)  a  transmitting  antenna 
mounted  on  the  gas  alarm  case,  (3)  a  tone  generator  producing  a  modulating  tone  in 
the  frequency  range  of  800  to  3600  cps,  (4)  a  programmer  to  allow  time  sharing  of 
the  frequency  by  several  transmitters,  (5)  a  receiving  antenna,  (6)  a  receiving 
station  consisting  of  one  FM  radio  receiver,  15  Motorola  single-tone  decoders,  one 
signal -presence  indicator,  and  associated  power  supplies. 

The  system  was  successfully  field-tested  at  a  variety  of  transmitter-to-receiver 
distances.  The  maximum  distances  tested  were  4.7  miles  over  obstructed  terrain  and 
9.  8  miles  over  unobstructed.  The  transmitter  actuated  the  central  alarm  in  all  cases. 


Qualified  requesters  may  obtain  capiat  of  this  report  from  DDC. 
The  Laboratory  invitee  comment  on  thii  report,  particularly  on  the 
results  obtained  by  those  *ho  have  opplied  the  information. 


— 
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INTRODUCTION 


The  Bureau  of  Yards  and  Docks  has  approximately  700  E21  Series  Automatic 
G-Agent  Alarms  operating  on  station  power  (115-volt,  60-cycle)  or  battery  power 
(24-volt).  To  adequately  protect  a  naval  base  fram  gas  attack,  a  number  of  these 
units  are  required  and  are  strategically  located  at  various  sites  on  the  base.  It  is 
desirable  that  a  remote  indicator  system  be  incorporated  into  this  alarm  system  so 
that  all  units  may  be  monitored  at  a  central  control.  It  is  further  desired  that  the 
system  be  designed  along  the  lines  of  an  inexpensive  and  compact  transistorized 
wireless  transmitter-receiver.  Since  alarm  units  may  be  installed  in  remote  areas 
where  power  transmission  lines  may  not  be  available,  It  is  necessary  that  a  trans¬ 
mitter  be  installed  in  or  on  the  alarm,  The  central  control  (receiver)  should  be 
capable  of  sounding  an  alarm  upon  activation  of  any  of  the  E21  alarms. 

The  system  should  be  designed  to  operate  on  either  115-volt,  60-cycle  station 
power  or  24-volt  battery  power.  The  transmission  frequency  should  be  based  on 
reliability,  range,  power  requirements,  and  freedom  from  interference,  and  be 
consistent  with  other  presently  operating  frequencies.  The  transmission  signal  should 
be  coded  for  identification  of  individual  alarms.  The  desirable  antenna  height  is 
6  to  8  feet,  telescoping  to  18  inches  or  less.  The  unit  should  be  immune  to  jamming 
and  outside  interference. 

The  task  reflecting  the  above  requirements  has  been  undertaken  with  the 
following  results.  * 


DESIGN  AND  OPERATION 
The  System 

The  Remote  Indicator  System  for  the  E21  Series  Automatic  G-Agent  Alarm 
(Figure  1)  consists  of  a  transistorized  frequency-modulated  transmitter  mounted  in 
the  E2!  gas  alarm.  When  the  presence  of  gas  is  sensed,  the  alarm  turns  on  the 
transmitter.  The  transmitter  is  frequency-modulated  by  a  tone  supplied  from  an 
associated  tone  generator,  in  the  frequency  range  of  800  to  3600  cps.  The  radio 
signal  is  transmitted  to  a  receiving  station  at  a  central  location,  such  as  a  switch¬ 
board  or  the  base  duty  office.  At  the  receiving  station,  an  alarm  is  sounded 
indicating  that  gas  has  been  sensed  at  some  location.  A  red  light,  actuated  by 

*  Mr.  Joseph  C.  Quigley  assisted  in  packaging  the  critical  circuitry  into  a  workable 
unit  a^^qbricated.tjie  total  system. 
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the  tone  code,  Indicates  the  location  of  the  sensed  gas.  There  are  15  tone  decoders 
in  the  receiving  station  spaced  200  cycles  apart,  giving  the  system  a  capacity  of 
15  alarm  units. 


Components 


Transmitter.  The  transmitter  (Figure  2)  is  a  fully  transistorized  FM  tone 
transmitter  operating  on  a  carrier  frequency  of  38.46  me.  The  prime  consideration 
in  the  design  of  the  transmitter  was  to  combine  simplicity  with  reliability.  The 
overall  dimensions  are  3-7/8  x  2-1/8  x  2-1/4  inches.  There  is  adequate  space  for 
mounting  directly  in  the  housing  of  the  E21  gas  alarm  (Figure  3).  If  later  versions 
of  the  alarm  should  be  more  compact,  the  transmitter  can  be  attached  externally  in 
a  weatherproof  housing. 

The  oscillator  is  crystal -control  led  for  stability.  Frequency  modulation  is 
accomplished  by  varying  the  capacitive  load  as  seen  by  the  crystal.  A  voltage- 
variable  capacitor  is  the  device  used  to  vary  the  capacitive  load.  This  is  a 
solid-state  device  whose  capacity  is  approximately  inversely  proportional  to  the 
square  root  of  the  voltage  applied  to  it.  The  capacitor  is  placed  in  series  with  the 
crystal  in  the  oscillator  feedback  loop.  The  frequency  deviation  is  about  1.5  kc, 
winch  is  considered  narrow-band  FM.  The  rest  of  the  oscillator  circuitry  used  in 
the  transmitter  is  standard.  It  is  a  Clapp  oscillator,  using  a  2N2951  transistor  as 
the  active  element.  Approximately  0.2  watt  of  RF  power  is  obtained  from  the 
oscillator  section.  This  is  coupled  from  the  proper  tap  on  coil  L102  via  capacitor 
C201  to  the  base  of  Q201,  the  power  amplifier,  as  shown  in  the  circuit  diagram, 
Figure  4.  Front  and  rear  views  of  the  oscillator  section  are  shown  in  Figure  5. 

The  power  amplifier  stage  uses  a  2N2950  transistor,  which  is  capable  of 
delivering  5  watts  at  50  me.  As  used  in  this  transmitter  it  will  provide  up  to 
3  watts  of  RF  power  with  the  drive  provided  by  the  crystal  oscillator.  Normally 
the  power  output  is  approximately  0.  75  watt.  However,  by  placing  a  jumper  across 
the  39-ohm  (R202)  resistor  the  power  output  can  be  increased  to  1.5  watts.  Placing 
a  jumper  across  both  the  22-ohm  (R201)  and  39-ohm  (R202)  resistors  will  increase 
the  power  output  to  3  watts.  These  resistors  are  shown  in  Figure  6. 

The  radio-frequency  choke  provides  a  biasing  path  to  the  base  of  the  power 
transistor  while  isolating  it  from  ground  for  the  RF  input  signal.  The  RF  tank  is  a 
parallel  LC  circuit  with  the  output  taken  off  from  a  tap  at  the  proper  impedance 
point  to  match  a  quarter-wave  vertical  antenna.  The  power  transistor  is  mounted  to 
a  heat  sink  which  also  serves  as  a  shield  between  the  audio  and  RF  oscillator  sections 
and  the  power  amplifier  section. 


Tone  Generator.  The  design  of  the  tone  generator  (Figure  7)  was  given  special 
consideration  from  the  viewpoint  of  stability.  This  was  considered  necessary  because 
of  the  possibility  of  having  many  closely  spaced  channels  at  the  receiving  station. 
Also,  the  alarm  unit  may  be  subjected  to  a  severe  range  of  environments  such  as  wide 
summer-winter  temperature  variations. 
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The  oscillator  uses  a  unijunction  transistor  as  the  active  element,  An  RLC 
circuit  is  inserted  in  place  of  the  normal  charging  circuit.  The  LC  components  are  of 
sufficient  Q  to  produce  a  sine  wave  of  good  quality  at  a  frequency  F  ~  1/2t7VLC. 
Components  in  the  LC  circuit  must  have  good  temperature-stability  characteristics. 
The  capacitors  used  were  Corning  "glass  caps"  having  a  temperature  stability  of 
10  ppm/°C.  The  inductor  is  an  adjustable  type  whose  inductance  is  nominally 
variable  from  +200%  to  -70%;  however,  only  +50%  to  -70%  results  in  sufficient 
Q  to  sustain  oscillation  with  the  load  presented  by  the  transmitter  circuitry.  Tests 
have  shown  a  maximum  frequency  drift  of  6  cps  over  the  temperature  range  of  +20°F 
to  +150°F.  Frequency  is  stable  to  +1  cps  over  a  voltage  range  of  5  to  30  volts. 

Programmer,  The  programmer  (Figure  8)  provides  random  time  sharing  of  the 
transmitting  frequency  by  several  transmitters.  Time  sharing  is  necessary  because 
reliable  actuation  of  tone  decoders  in  the  receiving  station  is  not  possible  with  more 
than  one  transmitter  on  at  one  time. 

The  programmer  turns  the  transmitter  on  for  a  period  of  2  seconds  and  off  for 
an  adjustable  period  of  3  to  20  seconds.  The  minimum  off  period  of  3  seconds  is 
adequate  if  two  E21  alarms  are  used  as  a  protective  system,  with  longer  off  times 
required  if  more  alarms  are  used. 

Timing  circuits  in  the  programmer  use  two  unijunction  transistor  (UJT) 
relaxation  oscillator  circuits  as  time  generators  and  a  silicon-controlled  rectified 
(SCR)  as  the  power-switching  element.  (Refer  to  Figure  9. ) 

When  voltage  is  applied  to  the  programmer,  capacitor  C401  charges  via 
resistors  R401  and  R402  to  fire  UJT  Q401.  The  firing  time  is  determined  by  the 
values  of  C401,  R401,  and  R402  and  is  variable  from  5  to  22  seconds  with  the 
setting  of  potentiometer  R401.  When  Q401  fires,  a  positive  pulse  appears  at  B| 
which  is  coupled  via  C402  to  the  trigger  electrode  of  the  switching  element 
SCR  Q402,  causing  it  to  conduct  and  turn  on  the  transmitter.  When  Q402  is  in 
a  conducting  state  its  cathode  becomes  positive  with  respect  to  ground.  This  allows 
C404  to  charge  via  R406  to  the  firing  potential  of  0403.  This  charging  time, 
determined  by  the  values  of  C404  and  R406,  is  approximately  2  seconds.  A  posi¬ 
tive  pulse  developed  at  when  Q403  fires  is  coupled  via  C403  to  the  cathode  of 
Q402,  momentarily  raising  its  potential  above  that  of  the  anode,  thus  causing 
conduction  to  cease  and  turning  the  transmitter  off.  Meanwhile  C401  is  again 
charging  to  repeat  the  above  cycle.  Capacitor  C405  provides  a  fast  charging  path 
to  turn  on  the  transmitter  the  moment  voltage  is  applied  to  the  programmer.  Without 
it  the  initial  actuation  of  the  transmitter  would  be  delayed  by  the  charging  time  of 

C401 . 


Antennas.  The  transmitting  antenna  is  a  telescoping  quarter-wave  vertical 
antenna  mounted  on  the  E21  gas  alarm  case.  The  extended  length  is  7  feei  and  the 
telescoped  length  is  1  foot.  In  situations  where  coverage  is  difficult  because  of 
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buildings,  terrain,  etc.  ,  it  may  be  necessary  to  use  a  vertical  antenna  with  ground 
plane  mounted  at  some  greater  height.  The  receiving  antenna  is  an  omnidirectional 
vertical  antenna  with  ground  plane,  mounted  at  sufficient  height  to  present  a  clear 
view  of  all  transmitting  antennas. 


Receiver.  The  receiving  station  consists  of  one  FM  radio  receiver,  Motorola 
Model  N01 AN3- 1 100A;  one  Motorola  AC  power  supply,  Model  P-8531,  to  operate 
the  receiver  and  one  to  operate  the  tone  decoders;  15  Motorola  single-tone  decoders, 
Model  P9309;  and  one  signal-presence  indicator,  NCEL  design.  Front  and  rear 
views  of  the  receiving  station  are  shown  in  Figures  10  and  1 1. 

The  Motorola  receiver  is  designed  to  receive  signals  on  a  fixed  frequency  in 
the  25-mc  to  50-mc  band.  The  frequency  of  this  unit  is  38.46  me,  the  frequency 
assigned  to  NCEL  for  radio  support  of  Laboratory  projects.  The  receiver  is  fixed- 
tuned  to  the  desired  frequency.  It  is  a  dual-conversion  superheterodyne  FM  receiver 
with  crystal -control  led  local  oscillators.  The  temperature  of  the  control  crystal 
(first  local  oscillator)  is  regulated  by  a  thermostatically  controlled  heating  element 
for  maximum  stability. 

The  receiver  is  based  on  standard  FM  operational  principles.  The  basic 
circuit  consists  of  an  RF  amplifier,  a  first  local  oscillator,  a  first  mixer,  a  first 
IF  amplifier,  a  second  local  oscillator,  a  second  mixer,  four  second  IF  amplifiers, 
two  limiters,  a  discriminator,  a  squelch  circuit,  and  two  stages  of  audio  amplifica¬ 
tion.  The  only  modifications  made  to  the  receiver  were: 

1.  Removal  of  the  180-kilohm  resistor  (R92)  across  the  secondary  of  L21,  the 
discriminator  coil.  This  narrowed  the  bandwidth  of  the  discriminator  from 
20  kc  to  15  kc  and  thus  produced  a  larger  demodulated  signal  from  the 
narrow-band  FM  alarm  transmitters. 

2.  Tapping  into  the  rectified  noise  voltage  developed  at  pin  5  of  tube  V312A 
to  obtain  a  sensing  voltage  for  the  operation  of  the  signa  I  -presence  indi¬ 
cator. 


The  modifications  are  shown  in  the  receiver  schematic  diagram,  Figure  12. 
Some  of  the  specifications  of  the  receiver  are: 


Selectivity: 

Spurious  response: 
Sensitivi  ty: 

Channel  spacing: 
Audio  output: 

Nominal  power  input: 


-1 00  db  at  t  30  kc 
-100  db 

Less  than  0.  4  ;uv  for  20-db  quieting 

Less  than  0.  3  pv  for  RETMA  usable  sensitivity 

20  kc 

1 , 0-watt  to  a  3.  2-ohm  load 
200  volts  at  80  ma 
6.  3  volts  at  3.  5  amp 
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Dimensions:  4-7/8"  wide  x  5-1/4"  high  x  16-1/2"  long 

Weight:  9  lb  (less  power  supply  and  housing) 

Mounting:  19"  rack 

The  Motorola  Model  P-8531  AC-operated  power  supply  is  designed  to  provide 
all  of  the  voltages  required  to  operate  the  Motorola  receiver.  The  primary  power 
source  is  117-volt,  60-cycle,  single-phase.  Output  ratings  are  200  volts  DC  at 
60  milliamperes  and  6.  3  volts  AC  at  3.  5  amperes, 

The  power  supply  for  the  15  single-tone  decoder  units,  identical  to  the  power 
supply  for  the  receiver,  was  modified  by  removing  the  11 -prong  power  plug  and 
replacing  it  with  a  standard  Octal  plug.  This  was  done  to  prevent  a  mixup  in 
connections  to  the  power  supplies,  See  Figure  13. 

A  center-tapped  12-volt  AC  filament  transformer  supplies  voltage  to  the  green 
and  red  indicator  lights. 

Decoder.  The  Motorola  P-9303  single-tone  decoder  consists  primarily  of  a 
DC  relay,  two  tubes,  an  input  transformer,  and  a  series-tuned  LC  circuit.  All 
components  are  mounted  on  a  single  chassis  and  are  protected  by  a  dust  cover.  The 
complete  assembly  including  dust  cover  is  5  inches  high,  1-7/8  inches  wide,  and 
7-3/4  inches  long.  It  is  designed  to  operate  in  conjunction  with  any  standard 
receiver.  The  3.  2-ohm  output  of  the  standard  receiver  is  fed  to  the  input  of  the 
decoder.  When  the  single-frequency  signal  to  which  the  decoder  is  tuned  is 
received,  the  relay  on  the  decoder  operates  and  provides  a  circuit-closure  function. 
This  circuit  is  connected  to  a  visual  and  audible  alarm.  Refer  to  the  schematic 
diagram,  Figure  14,  for  circuit  details  of  the  decoder. 

The  primary  winding  of  input  transformer  T1  on  the  decoder  has  an  electrical 
center  tap.  The  standard  receiver  output  is  connected  to  this  point  through  a 
jumper  connected  across  normally  closed  contacts  of  alarm  relay  K  1 .  One  end  of 
the  input  transformer  is  connected  to  ground  through  variable  resistor  Rl.  The  other 
end  of  the  transformer  is  connected  to  ground  through  capacitance -inductance 
circuit  LI  and  Cl,  which  is  capable  of  being  series -resonated  at  any  frequency 
between  600  and  3200  cps  with  the  exception  of  those  frequencies  between  800  and 
850  cps. 


Operation  With  "On-Frequency"  Tone  Signal:  When  a  signal  to  which 
the  decoder  is  aligned  is  fed  to  transformer  Tl,  the  current  through  both  halves  of 
the  primary  winding  are  equal  and  opposite  in  phase.  Therefore,  no  voltage  is 
induced  into  the  secondary  winding.  However,  the  current  flow  through  the  series- 
resonant  circuit  of  LI  and  Cl  causes  a  voltage  to  appear  across  LI.  This  voltage  is 
rectified  by  VI -B,  filtered  by  R3  and  C4,  and  the  negative  resultant  voltage  is 
applied  to  the  grid  (pin  2)  of  V2-A.  The  negative  voltage  drives  tube  V2-A  into 
cutoff. 
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When  tubs  V2-A  is  cut  off,  capacitors  C5  and  C6  start  to  charge  toward  the 
B+  potential.  As  the  voltage  applied  to  the  grid  (pin  7)  of  V2-B  increases,  sufficient 
current  flows  in  the  cathode  circuit  to  cause  relay  K1  to  energize.  As  the  voltage 
applied  to  the  grid  of  V2-B  increases,  current  flows  in  the  grid  circuit.  This  current 
flow  causes  a  voltage  drop  across  resistors  R5,  R7,  and  RIO,  which  limits  the  grid 
current  to  a  safe  value. 

When  relay  K1  is  energized,  the  circuit  connected  to  Alarm  Control  jack  J1 
is  closed,  thereby  completing  the  external  alarm  circuit.  The  other  pair  of  form 
"A"  contacts  connects  B+  to  the  relay  coil  through  resistor  R8.  This  locks  on  the 
relay  and  holds  the  al  ;rm  circuit  contacts  closed  until  the  receiver  is  resor.  The 
form  "C"  contacts  complete  the  circuit  from  the  standard  receiver  output  to  the 
speaker.  The  normally  closed  pair  of  these  contacts  is  jumpered  to  prevent  the 
receiver  output  from  being  disconnected  from  the  decoder. 

When  so  connected,  either  one  of  two  methods  for  resetting  the  decoder  may 
be  used.  The  power  to  the  standard  equipment  may  be  turned  off,  or  the  external 
push-button  switch  may  be  depressed,  which  will  momentarily  ground  the  black  lead 
of  the  input  cable. 

Operation  With  "Off -Frequency"  Tone  Signals:  When  the  tone  signal 
feci  to  the  center  tap  of  transformer  T1  is  not  on  the  frequency  to  which  the  single¬ 
tone  receiver  is  aligned,  there  is  an  unequal  division  of  energy.  The  result  is  a 
greater  current  flow  through  the  upper  half  of  Tl.  Triode  VI -A,  connected  to  the 
transformer,  rectifies  the  secondary  current  and  a  positive  voltage  is  developed 
across  C3.  At  the  same  time,  triode  VI -B,  connected  in  the  resonant  circuit  (Cl 
and  LI),  rectifies  the  voltage  appearing  across  LI,  and  a  negative  voltage  appears 
across  C4.  The  resultant  of  these  two  opposite  voltages  is  applied  to  the  grid  of 
V2-A,  a  DC  amplifier.  With  signals  moderately  or  far  off  frequency,  the  resultant 
voltage  applied  to  V2-A  is  always  either  positive  or  else  insufficiently  negative  to 
cut  V2-A  off.  When  V2-A  is  not  cut  off,  the  voltage  drop  across  R5  (4.  7  megohms) 
is  very  high,  the  grid  voltage  of  V2-B  is  relatively  low,  there  is  no  increase  in 
plate-cathode  current  (V2-B),  and  relay  K1  therefore  does  not  operate, 

The  decoder  is  designed  so  that  the  voltage  applied  to  VI -A  with  signals  off 
frequency  is  approximately  equal  the  voltage  developed  across  LI  with  signals  on 
frequency.  The  method  of  deriving  the  resultant  output  voltage  from  the  input 
signal  is  termed  "differential  selectivity.  "  The  circuit  is  designed  so  that  the 
bandwidth  does  not  change  with  amplitude  of  input  signal.  False  operation  due  to 
voice,  haimonics,  or  noise  signals  is  almost  impossible  with  the  differential  selec¬ 
tivity  principle. 

To  simplify  wiring  to  warning  lights,  the  following  modifications  were  made 
in  the  decoder  and  are  shown  in  Figure  14:  (1)  R6  was  removed,  (2)  the  orange  wire 
from  the  center  terminal  of  J  1  was  removed  and  connected  instead  to  pin  9  of  V2, 
and  (3)  a  length  of  wire  was  connected  from  the  reset  terminal  of  K  1  to  the  center 
terminal  of  J1 . 
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Signal -Presence  Indicator.  Task  instructions  called  for  the  Remote  Indicator 
System  to  operate  on  radio  frequencies  and  to  be  immune  to  enemy  jamming;  in  fact, 
this  could  be  quite  an  undertaking  and  a  major  investigation  by  itself,  but  it  was 
felt  that  if  a  frequency  were  assigned  for  the  exclusive  use  of  the  system,  the  pres¬ 
ence  of  any  signal  on  this  frequency  could  be  considered,  for  warning  purposes, 
either  the  presence  of  gas  or  an  attempt  to  jam  the  system.  The  signal  presence 
indicator  (Figure  15)  was  designed  to  provide  a  warning  if  there  should  be  any 
signal  present  on  the  assigned  frequency,  The  unit  is  simply  a  DC  relay  amplifier 
intended  to  operate  from  the  squelch  voltages  developed  in  the  receiver.  (See 
Figure  16.  )  When  a  signal  is  received  on  the  gas  alaimn  frequency,  a  red  warning 
light  and  a  buzzer  are  turned  on. 

TESTS 


Field  tests  of  the  transmitter  were  made  using  the  telescoping  quarter-wave 
vertical  antenna.  Initial  tests  consisted  of  activating  the  transmitter  at  remote 
areas  of  the  Construction  Battalion  Center,  Port  Hueneme.  With  the  transmitter 
placed  on  the  ground,  tests  were  made  to  see  if  the  units  would  activate  the  alarm 
in  the  receiving  station.  All  tests  were  made  with  the  receiving  antenna  at  a 
45-foot  height,  which  was  sufficient  to  clear  nearby  buildings. 

The  transmitter  activated  the  alarm  from  all  points  on  the  base.  The  maximum 
distance  was  2-1/4  miles.  Tests  were  then  made  at  a  variety  of  places  off  the  base 
using  an  RF  power  output  of  0.75  watt,  with  results  as  follows: 


Location 

Distance 
(mi  les) 

Eva  luation 

(1)  Point  1/2  mi  le  east 
of  Hwy  101  on  Pleasant 
Valley  Road 

4.3 

Actuation  ok 

(2)  Point  1-1/2  mile  east 
of  Hwy  101  on  Pleasant 
Valley  Road 

5.3 

Actuation  not  reliable; 
approximately  50% 
actuation  of  receiver 

(3)  Hwy  101  and  Nauman 
Road 

4.7 

Actuation  ok 

(4)  Hwy  101  and  Hueneme 
Road 

5.3 

Not  reliable;  50%  actuation 

(5)  Mugu  Rock 

9.8 

Actuation  ok 
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The  site  at  Mugu  Rock  presented  a  clear  view  of  the  receiving  antenna,  and 
the  path  was  about  two-thirds  over  water.  The  other  sites  were  flat  terrain  with 
trees  and  buildings  in  the  path. 

Tests  were  made  to  determine  the  minimum  and  maximum  frequencies  at  which 
the  tone  decoders  actuated.  The  input  voltage  to  the  decoders  was  set  at  3.  2  volts 
peak  to  peak.  Results  are  tabulated  below: 


Tone  Decoder 

Minimum 

Maximum 

Frequency 

Frequency 

Frequency 

(cps) 

(cps) 

(cps) 

800 

700 

822 

1000 

904 

1077 

1200 

1104 

1282 

1400 

1341 

1447 

1600 

1501 

1681 

1800 

1724 

1866 

2000 

1922 

2061 

2200 

2137 

2278 

2400 

2327 

2470 

2600 

2535 

2671 

2800 

2726 

2877 

3000 

2927 

3065 

3200 

3123 

3270 

3400 

3327 

3467 

3600 

3526 

3668 

The  tone  generator  was  tested  to  determine  frequency  stability  with  a  change 
of  applied  voltage.  Measurements  were  made  at  three  frequency  settings  of  one 
unit  over  a  voltage  range  of  5  to  30  volts.  The  results  showed  a  maximum  frequency 
change  of  3  cycles  per  second  with  no  change  at  the  expected  operating  voltage  of 
20  to  25  volts: 


Applied  Voltage 

F1  (cps) 

f2  (cps) 

F3  (cps) 

5 

667 

1005 

1266 

15 

667 

1006 

1266 

20 

666 

1006 

1266 

25 

666 

1006 

1266 

30 

664 

1006 

1266 
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Temporal ure-stabi lity  tests  were  made  on  one  tone  generator  at  three 
temperatures,  with  the  following  results: 


Temperature  (°F) 


+  150 
+75 
+28 


Frequency  (cps) 


985 

988 

991 


CONCLUSIONS 

The  Remote  Indicator  System  will  provide  an  alarm  at  a  central  receiving 
station  and  will  indicate  the  location  of  on  E21  Series  gas  alarm  that  has  been 
actuated  by  gas.  In  addition  it  will  provide  a  warning  if  there  is  a  signal  present 
on  the  assigned  frequency  that  may  cause  either  intentional  or  unintentional 
jamming  of  the  frequency.  The  transmitting  unit  will  operate  in  a  greater  environ¬ 
mental  range  than  can  be  tolerated  by  the  E21  alarm  unit.  The  power  requirements 
are  compatible  with  the  alarm  unit,  as  the  current  requirements  are  no  greater  than 
that  of  the  E21  lamp  and  buzzer  replaced  by  the  transmitter.  No  standby  power  is 
necessary. 


RECOMMENDATIONS 

The  design  of  any  transmitter  is  determined  to  a  great  extent  by  the  choice  of 
operating  frequency.  Therefore  an  appropriate  frequency  assignment  should  be  made 
to  the  Remote  Indicator  System  before  any  units  are  constructed.  The  Laboratory- 
assigned  frequency  of  38.46  me  was  used  for  the  design  of  prototype  units,  and  a 
deviation  of  more  than  2  or  3  me  from  this  will  necessitate  a  change  of  component 
values  in  the  units;  however,  any  frequency  between  5  and  50  me  will  not  require 
a  change  of  basic  design.  It  is  also  worthwhile  to  note  that  the  receiving  station 
was  left  on  and  monitored  for  several  weeks  with  considerable  base  traffic  on  the 
frequency,  and  at  no  time  did  these  transmissions  falsely  activate  the  alarm.  This 
shows  the  possibility  of  sharing  the  frequency  already  assigned  for  some  other  pur¬ 
poses.  However,  the  shared  frequency  should  be  limited  to  one  not  vital  to  defense 
during  emergency  such  as  a  gas  attack,  because  the  alarm  transmitters  may  interfere 
with  emergency  operations. 

The  Remote  Indicator  System  has  other  applications  than  indicating  the  presence 
of  gas  at  a  remote  location.  One  example  is  the  signaling  at  a  central  control  of 
fires  in  unattended  buildings.  It  is  therefore  recommended  that  consideration  be 
given  to  adapting  the  system  to  signal  other  events  in  addition  to  signaling  the 
presence  of  gas. 
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Figure  1.  Block  diagram  of  the  remote  indicator  system.  (C) 
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Figure  3.  Transmitting  unit  mounted  in  E21  gas  alarm.  (C) 
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Figure  6.  Transmitter  power-arrplifier  section. 
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Figure  1],  Rear  view  of  the  receiving  station.  (C) 
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Figure  13.  AC  power  supply  schematic  wiring  diagram.  (C) 
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units  and  the  signal -presence  indicator.  (C) 
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